Gene expression during development of Myxococcus xanthus. Analysis of the genes for protein S.
Protein S is an abundant spore coat protein produced during fruiting body formation (development) of the bacterium Myxococcus xanthus. We have cloned the DNA which codes for protein S and have found that this DNA hybridizes to three protein S RNA species from developmental cells but does not hybridize to RNA from vegetative cells. The half-life of protein S RNA was found to be unusually long, about 38 minutes, which, at least in part, accounts for the high level of protein S synthesis observed during development. Hybridization of restriction fragments from cloned M. xanthus DNA to the developmental RNAs enabled us to show that M. xanthus has two directly repeated genes for protein S (gene 1 and gene 2) which are separated by about 10(3) base-pairs on the bacterial chromosome. To study the expression of the protein S genes in M. xanthus, eight M. xanthus strains were isolated with Tn5 insertions at various positions in the DNA which codes for protein S. The strains which contained insertions in gene 1 or between gene 1 and gene 2 synthesized all three protein S RNA species and exhibited normal levels of protein S on spores. In contrast, M. xanthus strains exhibited normal levels of protein S on spores. In contrast, M. xanthus strains with insertions in gene 2 had no detectable protein S on spores and lacked protein S RNA. Thus, gene 2 is responsible for most if not all of the production of protein S during M. xanthus development. M. xanthus strains containing insertions in gene 1, gene 2 or both genes, were found to aggregate and sporulate normally even though strains bearing insertions in gene 2 contained no detectable protein S. We examined the expression of gene 1 in more detail by constructing a fusion between the lacZ gene of Escherichia coli and the N-terminal portion of protein S gene 1 of M. xanthus. The expression of beta-galactosidase activity in an M. xanthus strain containing the gene fusion was shown to be under developmental control. This result suggests that gene 1 is also expressed during development although apparently at a much lower level than gene 2.